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yfv BA CKGROUND OF THE INVENTION 

•PI / ^ 1. Held of the Invention 

SV Tnept«ent invention relates to an automobdeon-bo^d 

and/or Sonable telephone system in wtuch the number of 
channels can be increased easily. 
2 Description of the Related Art 

described in a paper On ™« s y s«iu t o Digital Cellular 
Division Multiple Access . (CDMA > C forks'' May 19-22. 1991. 
and Personal co^unications Networks M y cQnventional 
IEEE vehicular Technology Conference ^ e on . board 

rnd7or%o 0 rU h le £ of COM, is shown in 

FIG 3 In the Figure, reference numeral 1 designates units 
Se «S«taf rid. such as a base station and 2 units at 
me receiver side such as an automobile on-board telephone 
£ a Portable telephone. Denoted by reference numerals 3 4 

units at the transmitter side 1. in correspondence ^ chanoel 

numbers assigned to individual users and to which informa- 

tiT£om the 8 individual users is inputted, the 

input lines 3. 4 and 5 corresponding to cbannd nurnbers « 

« 1 and #3 respectively. Reference numerals 6 7 and 8 

2sSle sp^aTmoduLtors connected to the uiformaaon 

ufrSest^andS.resr.ctive^^ 

spread processings in accordance with «P«» d ^ r efe7SrIcl 
corresponding to the individual f- J^ 1 transmission 
numeral 9 designates • ^""Aity ^rf users, Denoted by 
of spread signal s of a . plurality ^ tQ perrorm - xn 

reference numeral 10 is tanj a. 
Ac units at the receiver side 2. a despread Processing in 
accordance with a spread code of a channel "s.gncd to each 
user. In the units at the transmitter side 1. the spread 
modulators 6. 7 and 8 are supplied with parameters Wi(t). 
W2(t> and Wm(t) representative of orthogonal spread codes, 
respectively and a parameter PN(0 representative of a 
S3«a noise P series, and the orthogonal spread 
codes are multiplied by the pseudo-random noise series to 
produce spread codes corresponding to the individual chan- 
Eand s^d processings are carried out in accordance 
with the spread codes. In the followmg *<; „ pN „ series . 

pseudo-random noise series " *«* e " ° a °h e qu7p"ment has tan] 

rhe receiver side 2 shown in FIG- 3 is #i- that \° 
£ supplied with a parameter Wi(t) '^nta^of « 
orthogonal spread code and the parameter PN(t) rcprcscn- 
Sf the PN series to perform a despread Processing u 
accordance with a spread code corresponding to that chan- 
„ c r-rTp1rform th™ spread and despread processings as 
a^ve s£cad codes as exemplified in FIG 4 are used ins.de 
a certain^ cell in correspondence to channel numbers 
assigned to individual users. 

^ the automobUe on-board and/or portable telephone 
system constructed as above, when user " 
Spotted from each information .nput line 3^4 or S at a 
^determined information transm iss.on bit «ie tor 
example. B(bps). a spread process mg is earned ou t m the 
uahsat the transmitter side I. by the spread modulator 6. 7 
« 8 in accordance with a spread code correspond, ng to a 
channel number assigned to a user of .merest and the D 



spread signals of a plurality of users arc combined in the 
combiner 9 and transmitted. On the other hand, when a 
combined spread signal is received in the units at the 
receiver side 2. the combined spread signal is subjected to a 
despread processing by the desprcader 10. in accordance 
with a spread code of a channel number assigned to each 
user to reproduce the information at the information trans- 
mission bit rate B(bps) and the reproduced information is 
delivered out through an information output line 11. 

Waveforms are changed as shown in FIGS. 5 to 7 when 
a signal representative of user information received at a 
certain information transmission bit rate is subjected to a 
spread processing, transmitted and then subjected to 
despread. The user Information inputted from the informa- 
tion input line 3. 4 or 5 has the form of a spectrum signal 12 
having a bandwidth of B and a power spectrum density of P. 
When this spectrum signal 12 undergoes a spread processing 
io the spread modulator 6. 7 or 8. power in the bandwidth B 
is spread to a spread bandwidth S of a spread multiplexed 
spectrum on a HnV path as shown in FIG. 6 to provide a 
spread signal 13 shown therein. Since the spread modulators 
6. 7 and 8 correspond to channel numbers assigned to the 
individual users and the spread codes are set to different 
values in correspondence to the respective channel numbers 
as shown in FIG. 4. the spread signal 13 differs from channel 
to channel to assume a multiplexed structure, FIG. 6 shows 
an example of a 4-channel spread multiplexed spectrum. 

When the spread signal 13 as above is subjected to a 
despread processing in the units at the receiver side 2. the 
despread processing is carried out in the units at the receiver 
side 2 under the condition that the orthogonal spread code is 
Wi(t) and the PN series is PN(t) and consequently, of the 
4-channel spread multiple spectrum, a spread signal of a 
channel corresponding to this spread code, that is. the power 
of a desired wave, is again concentrated in the bandwidth B 
and multiplexed signals of the other users (for three 
channels) remain spread waveforms which exist as interfer- 
ence waves. Then when the multiplexed spectrum is filtered 
to pass the band B in the units at the receiver side Z there 

(result) results a # desired wave 14 subject to the despread 
and a spectrum of interference wave 15. As long as the ratio 
between power of the desired wave 14 and power of the 
interference wave 15, that is, the signal to interference 
ratio (SIR) can be maintained at a predetermined value, the 
necessary quality of communication can be maintained. 

Also, when B=9600. that is. the information transmission 
bit rate is 9600 bps. a maximum of 64 channels can be set 
within a range in which the SIR can be maintained at a 
predetermined value from the viewpoint of coping with the 
interference and there is available an example of an auto- 
mobile on- board and/or portable telephone system using 64 
kinds of Walsh codes representative of orthogonal spread 
(code] codes . 

In the aforementioned conventional automobile on-board 
and/or portable telephone system, however, the maximum 
(channel] number of channels of the outbound link path (a 
link path (bound] from the base station to an automobile on- 
board telephone or a portable telephone) in one cell is 
limited to the number of orthogonal spread codes ((assuming] 
assumed to be m) and^ for example, even (when a] i£ voice 
signal (coded] coding (coding/decoding unit) having a rate 
which is half the presently existing rate becomes applicable 
in the future in the field of communication, there will be a 
disadvantage in that the subscriber capacity (of 
subscribers) cannot be increased because of a shortage of 
[the number of assigned] codes or series in spite of the fact 
chat link paths in excess of m channels (are] could be set up 
in one cell from the viewpoint of the necessary SIR and the 
requisite quality (can] could be maintained for performing 
communication . 
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i n the case where the information 
transmssion bit rate is, ^ information as shown 

becomes B/2 in a "^ al th S ^"££ trum signal 16 having a power 

" F . IG - h Juv of Po ia subjected to a spread processing by the 
spectrum density of *» « S J£ 3 r i nside the bandwidth B/2 is 
spread modulator 6, T t or 8. P sprea d multiplexed spectrum 

spread 1 to , « ^ spread bandwxdth S of & 

°" * l " k ££ h 9 since as described previously the spread 
shown in FIG. 9. s ^ e ± „ tvalues of] spread code values 
"Z^l^r! liferent for liffelLt channel numbers, the spread 
which are *° r indi vidual channels and has a 

muiriple" d d s\" c r t S ure f ° FIG. 9 shows an example of a 7-channel 

representative series and consequently, of the 7- 

representatxve of the PN * e " €S trujtw \ spr ead signal 
channel spread multiplexed spectrum, v 
corresponding to th^ B/2 and 

desired wave 18^ is again concent users (for 6 channels) 

the multiplexed signals of other use *| ll ° ence waves 19 . 

remain spread "gg^J^^t^gg* to pass the band 
Then when the """"i*^^ %ide 2, there (result) results a 
B in the ™ lts r * ce £*the despread and a spectrum of 

desired wave 18 subject to tne « w ratio 

interference w ^ ve _ 5 . the 'desired wave 18 and power of the 
between power of the > de " re ^e slgna l to interference ratio 

be increased to a value which is twice toe prescouy ? 

chanDclscanbcmc^^.p^*^ > Accord ingly. if the capacity of 
amounting up to 128 « al » e "' ^ , ft * 0 be tne existing one, 

will be used wastefully. 

SUMMARY OF THE INVENTION 
The present invention is achieved in the light of Acabove 
problems and it is an object of the present tnvenuon to 
Jot df an automobile oo-board and/or P<^^cphooc 
system which can increase the capacity of subscribers easily 
Z ^ basis of. for sample, changing of the urfcrmauon 
transmissiOQ bit rate. 

According to the present invention, to accomplish the 
above object, spread codes resulting from multipUcaon of 

roorStogooal spread codes and a first PN senes are assigned 

Z chapel numbers # I to #m in the same cell, andjprcd 

codes resulting from mulriplicatioo of the same ; m or*ogo- 

„al spread codes as above and a second PN scnes. whichis 

of ihe^same scries as the first PN senes but has a tunc phase 

differing from that of the first PN series by a constant phase. 

arc assigned to channel numbers *m+t) to Wm. 

In the present invention having the above construction. 

0,c PN scries are subjected to multiplication while keepmg 

the series unchanged but changing only the urnc phase to 
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generate spread codes and the thus generated spread codes are 
assigned to the channels, thereby ensuring that the number of 
channels in the same cell can be twice the number of the 
orthogonal spread codes. Accordingly, for example, [when a] if 
voice signal (coded) coding having a rate which is half the 
existing rate becomes applicable in the future, series which 
are as large in number as necessary can be assigned to increase 
the capacity of subscribers within a range in which the 
necessary quality can be maintained even when link paths in 
excess of m channels are set up in one cell from the viewpoint 
of the requisite SIR. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the coostruction of an 
embodiment of an automobile on-board and/or portable 
telephone system according to the present invention: 

FIG. 2 is a diagram showing an example of the channel 
structure adopted in the embodiment; 

FIG. 3 is a block diagram showing the construction of a 
conventional automobile on-board and/or portable telephone 
system; 

FIG. 4 is a diagram showing an example of the channel 
structure in the conventional example; 

FIG 5 is a diagram showing a spectrum signal of user 
information transmitted at the existing information trans- 
mission bit rate: 

FIG 6 is a diagram showing a spread multiplexed spec- 
trum signal obtained by subjecting the spectrum signal to 
spread processings; 

FIG 7 is a diagram showing a desired wave and a 
spectrum of interference waves obtained by subjecting the 
spread multiplexed spectrum signal to a despread process- 
ing; 

FIG 8 is a diagram showing a spectrum signal of user 
information transmitted at a bit rate which is half the existing 
information transmission bit rate; 

FIG. 9 is a diagram showing a spread multiplexed spec- 
trum signal obtained by subjecting the spectrum signal 
transmitted at the half rate to spread processings; and 

FIG 10 is a diagram showing a desired wave and a 
spectrum of interference waves obtained by su^ecung the 
spread multiplexed spectrum signal shown in FIG. 9 to a 
despread processing. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will now be described by way of 
example with reference to the accompanying drawings. FIG. 
1 is a block diagram showing the construction of an auto- 
mobile on-board and/or portable telephone system accord- 
ing to an embodiment of the present invention and FIG. 2 is 
a diagram showing a channel structure in the embodimeoL 
In the Figure, reference numeral 21 designates units at the 
transmitter side such as a base station and 22 designates 
units at the receiver side such a raobUc station including an ' 
automobile od board telephone or a portable telephone. 
Denoted by reference numerals 23. 24. 25. 26. 27 and 28 arc 
information input lines which are provided, in the units at 
the transmitter side 21. in correspondence to channel num- 
bers assigned to individual users and to which information 
from the individual users is inputted, by 29. 36. 31. 32. 33 
and 34 arc spread modulators connected to the information 
input lines 23 to 2$. respectively, and operative to perform 
spread processings io accordance with spread codes corre- 
sponding to the individual channel numbers, and by 35 a 
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combiner for combining an. ^% inf option 
corresponding to c ^ ^ ulatots 29 to 34. the 

input lines 23 to M and sprea d modulators 29 to 31 

information xnput lxnes 23 to « ana h ^ ers 81 to #m to 

are in •«°ci.txon £^ e f * J^™^ (series] channels, .nd 
constitute a f f* annex gr p ad ^ulators 32 to 34 

information input lines 26 to 28 ana j^*^, s(m+1 , to 82m to 
are in association "^JL^^*^ °* » (series] channel 
constitute a second \ 6 is a despreader adapted to 

Denoted by nU ^ r ^ receiver side 22, a despread 

perform, in the units at _ tn « f a cnanne i assigned 

processing in accordance witn a spieo 

to each user. _<«.«.», «id» 21. the spread modulators 

in the units at the transmitter side 21, tne p perform 
29, 30 and 31 of the first channel group are set s 
spread processings in accordan with t he sp ied witn 

corresponding to the ,^ dlvl H du ^.^ a ^l S entativI of orthogonal 
parameters WMU W^t, and ^(t, rep^-ent.^ # ^ tive ly 

spread codes (m is laj tQs n™- series. The spread 

and a Para^ter PN(t) representative of a PN se ^ ^ 

modulators 32, 33 and 34 of the sec ^ rdance wit h the spread 
as to perform »P«** P^^a^i channels by being supplied 
codes corresponding to the ^ ndiV " ua d representative of 

with the same parameters Wl(t) . W2(t) » ^ Viators 29. 30 

orthogonal spread codes as those for the ^spre PN <t-*> 
and 31 of the «"t chanr . P«P «^ • parameter PN(t-4» 
representative of the s ^ries is of the same PN series as that 
representative of the PN series is <" wh i c h differs from that 

outbound link path of one c . e11 - ~ 2 ch equ i P ment has [an] 

the receiver side 22 shown in FIG. 1 Is #1. that Spreader 
36 is supplied with a parameter Wi(t) representative of an 
oah 0g 3 spread code and a parameter PN(«) representa- 
tive of the PN scries, where PN(") is 
PN(*>=PN(t) when iSm. and 

PN(*>=PN(l-4) when iSm+1. 
Then the orthogonal spread codes arc multiplied by the 

PN series to produce spread codes and by forming a 

despread processing in accordance with a spread code 

corresponding to a channel of interest, a user signal destmed 

foTthTapparltus can be reproduced. A channel structure for 

performing the above spread and despread processings is 

shown in FIG. 2. . . 

The operation of the automobile on -board and/or portable 
telepheoVsystem will now be described. In the units at the 
transmitter side 21. when user information ,s inputted from 
one of the information input lines 23 to 28 * * I*«!«ff- 
mincd transmission bit rate, for example. B/2 (bps) which £ 
the half of the rate B. a spread processing is earned out by 
one of the spread modulators 29 to 34 in accordance wrth a 
spread code corresponding to a channel number "»SP«j » 
uVTuser of interest and then spread signals of a plurality of 
users are combined in the combiner 35 and transmitted. On 
.he other hand when a combined spread Signal is received 
in the units at the receiver side, the combined spread s.gna^ 
is subjected to a despread processing by the despreader 36 
in accordance with a spread code of the chapel number 
assigned to that user to reproduce the uiformauon at the 
informauoo transmission bit rate B (bps) and the reproduced 
information is delivered out through an informaaon output 
When the signal indicative of the user information 
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transmitted at the halved information transmission bit rate is 
subaected to the spread processing, transmitted and subjected to 
the despread ; processing, its waveform is changed The 
operational condition of the waveform change has already been 
described with reference to FIGS. 8 to 10 and will not be 
described herein. 

Accordingly, for example, when a voice signal coded have a 
rate which is half the presently existing rate becomes applicable 
in the future, (channels of J a maximum of 2 m channels can be set 
simultaneously if the requisite communication quality can be 
maintained in spite of the fact that link paths in excess of m 
channels are set up in one cell from the viewpoint of the 
necessary SIR, thereby making it possible to increase the 
capacity of subscribers without drastically improving component 
units manufactured in correspondence to the existing automobile 
on-board and/or portable telephone system or exchanging all of 
the component [unit J units with new ones. In order to maintain 
the communication quality from the viewpoint of the necessary 
SIR, (a] the maximum (value of the] number of link paths allowed 
to be set up simultaneously in the cell can be decided on the 
basis of information transmission bit rates for individual users 
(set on) of link paths set up in the units at the transmitter 
side 21 or the base station and the setting of link paths for the 
users can be allowed within the maximum value. 

In the foregoing embodiment, the PN series by which the 
orthogonal spreads are multiplied is exemplified to have two 
different phases, however, the number of phases can be determined 
(desirably) as desired. For example, in the case where service 

at a very low information transmission bit rate is given as a 

system and the user often receives the service, the requisite 

quality can be maintained from the viewpoint of the neces- 
sary SIR even when link paths are set up for very many users 

in one celL In such a system, three or more types of phases 

of the PN scries by which the orthogonal spread code arc 

multiplied can be employed instead of two types and hence 

the number of spread codes to be assigned can be increased 

to a great extent to further increase the subscriber's capacity. 
As described above, according to the present invention. 

different phases of the PN series by which the orthogonal 

spread codes are multiplied arc given to provide some types 

of PN series so that the number of channels in the same cell 

may be maintained at a value which is a multiple of the 

number of scries and therefore in the case where a voice 

signal coded is applied at a rate which is half the presently 

existing rate in the future, assignment of spread codes which 

arc increased in number to as large a value as necessary can 

be achieved and the subscriber's capacity can be increased 

without drastically altering the components within a range in 

which the necessary quality can be maintained even when 

link paths for m or more channels are set up in one cell from 

the viewpoint of SIR. 
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